A yeast strain, isolated from the exudate of a tree, accumulated biosurfactants abundantly when grownon soybean oil as the sole carbon source. Thebiosurfactants were found to be a mixture of 4 mannosylerythritol lipids, including two new mannosylerythritol lipids as major components. The major components, which amounted to about 80 % of the total lipids, were determined to be 4-0-(di-
pyranosyl)-erythritol (designated as MEL-B7), from /7-alkanes or vegetable oils in high concentrations (about 30g/l). 1 2) We again tried to screen microorganisms accumulating biosurfactants and succeeded in obtaining some strains by using a selective medium containing soybean oil as a renewable resource. A yeast strain, T-34, was found to extracellularly accumulate anthrone-positive biosurfactants, which were a mixture of MELs showing different Rfvalues from that of MEL-B7 on thin-layer chromatography. This paper describes the screening for microorganisms accumulating biosurfactants, identification of the isolated yeast and characterization of the biosurfactants accumulated by the yeast.
Materials and Methods
Microorganisms. Strain T-34 used in this study was isolated from the exudate of a tree on Mt. Tsukuba.
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Candida antarctica CBS 5955, the type strain of the species, was kindly supplied by the Centraalbureau voor Schimmelcultures, the Netherlands. Candida sp. B-7, the producer of MEL-B7,1'2) was also used as a reference. The strains were maintained on potato-dextrose agar slants.
Screening for microorganisms accumulating biosurfactants. Natural sources were added to test-tubes (25 x 200mm) containing 8ml of a selective medium composed of 16% (v/v) soybean oil, 0.3% NH4NO3, 0.02% KH2PO4, 0.02% MgSO4-7H2O, 0.05% yeast extract (Oriental) and tap water. The cultures were incubated on a test-tube shaker at 30°C for 4 to 7 days. Whenthe cultures were judged to be completely emulsified, i.e., the failed to separate when the test tubes were allowed to stand for about 30min, they were spread on potato-dextrose agar plates, and the resultant colonies were picked up and stocked on potato-dextrose agar slants. Subsequently, the emulsified culture broths were extracted with an equal volume of ethyl acetate, and the ethyl acetate layers were subjected to thin-layer chromatography for detection of biosurfactants.
Identification of the isolated strain. The present strain T-34 and Candida sp. B-71 3) were identified according to the methods described in "The Yeasts". 4) Cultures. Seed cultures were prepared by inoculating cells grown on slants into 300-ml Erlenmeyer flasks * Present address: National Chemical Laboratory for Industry, Tsukuba, Ibaraki 305, Japan. ** Present address: Kashima Research Laboratories of Kao Corporation, Kamisu-cho, Ibaraki 314-02, Japan. Purification ofbiosurfactants. The mixture of biosurfactants (3.2g) was dissolved in chloroform (5ml) and then placed on a column (3 x40cm) of silica gel (Wakogel C-200; Wako). The column was first washed with 400ml of chloroform-ethyl acetate (4: 1). A major component (MEL-A) was eluted with 800 ml of chloroform-acetone (7 : 3) and another major component (MEL-B) with 600 ml of chloroform-acetone (6 : 4) . The remaining components (MEL-C and MEL-D) were eluted with 300ml of chloroform-acetone (5 : 5) .
Analytical methods. Thin-layer chromatography (TLC) was carried out on Silica Gel 60 plates (Merck, No. 5553) with the following solvent systems: A, chloroformmethanol-water (65 : 15 : 2); B, chloroform-methanol-7 n ammonium hydroxide (65: 15:2); and C, chloroformacetone (15 : 1). Components on the plates were located by charring at 1 10°C for 5 to lOmin after spraying anthrone reagent. The relative amounts of the components on the chromatograms were estimated with a densitometer (TLC Scanner CS-920; Shimadzu). Sugars were separated by paper chromatography (PPC) as reported
previously .2) High-performance liquid chromatography (HPLC) was performed with a Waters apparatus equipped with an Aminex HPX-87H column (Bio-Rad). Sugar and acetic acid, products of MEL deacylation, were eluted with 0.01 n H2SO4 at the column temperature of 60°C and the flow rate of 0.8ml/min. Propionic acid was used as an internal standard (tR, 14.5 min).
Gas chromatography (GC) was performed with a Shimadzu Gas Chromatograph GC-4B equipped with a flame-ionization detector. MELsproduced from soybean oil were found to contain unsaturated fatty acids and the fatty acid methylesters were tentatively analyzed after hydrogenation as reported previously.
2) The acetyl derivatives of Smith-degradation products were analyzed on a glass column (0.3 x 100cm) packed with 10% ECNSS-M on Gas ChromQ, the temperature being programmed The hexose content and the ester value were also determined as reported previously .2) Isolation of the sugar moiety of the biosurfactants. The mixture of biosurfactants (1 g) was mixed with 2n NaOH (10 ml) in a screw-capped Pyrex tube and then deacylated at roomtemperature obernight. After acidification of the reaction mixture with 2n H2SO4to pH 3, the long-chain fatty acids were extracted with «-hexane. The resulting aqueous layer containing the sugar moiety was desalted on Amberlite IR-120B (H+) and IRA-410 (OH~), and then concentrated to a syrup. Addition ofethanol to the syrup caused the formation of a solid mass of a glycoside.
Determination of the molar ratio ofacyl residues to sugar moiety. MEL-Aor MEL-B(lOOmg each) was mixed with 2n NaOH(2ml) and then deacylated under the same conditions as described above. After acidification of the reaction mixture with 2 n H2SO4to pH 3, long-chain fatty acids were extracted with «-hexane. After removal of nhexane, the residues were methylated with 10% (v/v) H2SO4 in methanol and then analyzed by GC. After the remaining aqueous layer had been treated with Amberlite IR 120B (H+), the glycoside and acetic acid contained in the aqueous layer were simultaneously analyzed by HPLC.
Smith degradation. MEL-A or MEL-B (10 mg each) was dissolved in ethanol (10ml) and then 0.02m NaIO4 (10ml) was added. The reaction mixture was left at 4°C for 72hr in the dark. The oxidation was followed as to the absorbance at 290nm using the method of Ikenaka.5) Formaldehyde was determined with chromotropic acid by the method of Lambert and Neish, 6) and formic acid by titration with 0.05n NaOH.The products of periodate oxidation were reduced with NaBH4(50mg) at 4°C for 16hr. Excess NaBH4 was destroyed by the addition of acetic acid. The reaction mixture was desalted on Amberlite IR-120B (H+) and Amberlite IRA-410 (OH ), and then evaporated to dryness in the pressence of methanol. The reduced oxidation-products were hydrolyzed with 2 n methanolic trifluoroacetic acid overnight at room temperature. The hydrolyzate was evaporated to dryness at -15°C.7) The residue was acetylated with acetic anhydride in pyridine8) and then analyzed by GC.
Results
Selection of strain T-34, which accumulated biosurfactan ts
Newly isolated strains were screened as to their abilities to accumulate biosurfactants from soybean oil. Oneyeast and three bacteria were found to abundantly accumulate biosurfactants. All biosurfactants produced by the three bacteria were judged to be trehaloselipids, as reported by Suzuki et al., 9) from the results of preliminary experiments. The biosurfactants extracted from the culture broth of the yeast, strain T-34, were the highest in amount.
Accordingly, the biosurfactants produced by strain T-34 were subsequently studied.
Identification of the yeast, strain T-34
In YMmedium after 3 days at 25°C, the cells of strain T-34 were oval or elongate, (2.8-4.5) x (7.8-13.8)/im, and septate hyphae were present. Nosexual reproduction was observed. 1) Molar ratios of acetic acid and long-chain fatty acids to ME. The molar ratios of acetic acid and long-chain fatty acids to ME in MEL-Awere determined to be 1.8 by HPLC and 2.1 by GC, respectively. These results showed that the molar ratio of ME:acetic acid:long-chain fatty acids was 1 :2:2. The molar ratios of acetic acid and longchain fatty acids to MEin MEL-Bwere determined to be 0.9 and 1.8, respectively. These results showed that the molar ratio of ME:acetic acid:long-chain fatty acids was 1 : 1 :2. Furhter evidence was provided by the 2) Ester linkage ofacyl groups to ME. To determine the location of the acyl groups in MEL-Aand MEL-B, Smith-degradation was performed. On periodate oxidation of MEL-A, 2.1 mol of periodate was consumed, and Mannose and ethylene glycol, as their acetates, were detected in a molar ratio of 1.0:0.8 on GC as Smith-degradation products. Accordingly, only the erythritol moiety of MEL-A was destroyed on periodate oxidation and all the 4 hydroxy groups of the mannose moiety of MEL-Amust be esterified with acetic acid or long-chain fatty acids (Fig. 1) . Smith-degradation of MEL-Bgave the results similar to those obtained for MEL-A (Fig. 1) . From these results, it was concluded that MEL-Aand MEL-B, the major components,
respectively. On the other hand, the per- MEL-Dshowed a lower Rfvalue than that of MEL-Con TLCwith the solvents used. Accordingly, MEL-Dseemed to be less acylated or the location of ester linkages in it seemed to differ from those in MEL-C. 35 
Discussion
The present strain, T-34, was identified as C.
antarctica according to the classification system described in the 3rd edition of "The Yeasts".4) Candida sp. B-7,1>3) the producer of another MEL, was also newly confirmed to belong to the same species, although it could not formerly be identified according to the classification system described in the 2nd edi- alkanoyl-ME and diacetyl-monoalkanoyl-ME.
We reported that Candida sp. B-7 extracellularly produced dialkanoyl-ME.
2) The present extracellular lipids were a mixture of 4 MELs. The major lipids, MEL-A and MEL-B, were confirmed to be diacetyl-dialkanoyl-ME and monoacetyl-dialkanoyl-ME, respectively. MEL-C, one of the minor lipids, was determined to be dialkanoyl-ME.
To our knowledge, MEL-A and MEL-B have not been found previously.
The effects of the culture conditions on biosurfactant production will be described in the next paper. 
